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ABSTRACT
An increase in gamma of fourteen can be obtained with a
loss of one-third stop in speed by treating a silver halide
film in a ten to thirty percent solution of hydrogen
*
peroxide for five to fifteen seconds and heating it in
sixty to ninty degree centigrade steam. Light refracting
oxygen bubbles are formed in the emulsion proportional
to the amount of silver metal present. Increasing the
concentration of hydrogen peroxide was found to decrease
speed while increasing gamma. Temperature of the steam
was not a significant factor for speed or gamma.
Increasing hardness of the gelatin .increasing peroxide
immersion time, and increasing pH decrease the gain in
gamma. Film samples fixed by non-hardening fixers
yeilded the most uniform vesicular images.
INTRODUCTION
While studying the destructive effects of oxidizing gases
on processed silver emulsions, E. Weyde discovered that
reacting hydrogen peroxide with a processed silver halide
emulsion produced areas of high density. Microscopic
examination proved that the increase in density was due
to bubbles in the emulsion. These bubbles were acting as
scatter centers for light, yielding added density. Her
process of combining silver halide photography with
vesicular intensification was reported in the Third
International Congress on Reprography in London, 1971.
A processed silver halide emulsion can be intensified by
placing it in an environment containing hydrogen peroxide.
Hydrogen peroxide is catalytical ly decomposed to oxygen in
areas containing silver metal. Then the emulsion is heated
by various means to expand the oxygen. The expansion
produces deformations of the gelatin in the form of bubbles
The formation of bubbles is proportional to the amount of
silver metal present in the emulsion. The bubbles inhibit
the transmission of incident light by scattering the light.
Therefore, where there is density due to silver, there
will also be density due to the formation of bubbles.
There are two major advantages in using a process that
combines silver halide photography with vesicular inten
sification. Along with the increase in density of the
emulsion is an increase in speed. Weyde has reported
2
speed gains of 5-10 DIN , while E. Ranz has reported an
3
increase of speed of as much as 15 DIN for slow speed
films. Besides the possibility of great gains in speed,
the process combines the archival keeping qualities of
vesicular images with the high degree of spectral sensi
tization that is possible with silver halide emulsions.
Since the 1971 conference in London, no other papers have
been published on the process of obtaining vesicular
images from silver halide photography. In 1973 one of the
investigators of this team performed some preliminary
experiments at the Rochester Institute of Technology.
The investigator found a marked increase in density for
one of the samples, but he was not able to repeat the
experiment with positive results. The main thrust of the
research was toward finding the various trends of the
parameters that affect the formation of vesicular images
in silver halide emulsions. To our knowledge, this
information has not been published before.
EXPERIMENTAL
The production of bubbles in the emulsion would appear to
be affected by the gelatins ability to resist deformation.
Therefore, factors such as the hardening of the gelatin in
fixation or in the hardening bath, and
the*
resul ting
hardness of the emulsion, were analyzed. Exact numbers
for hardness are not given, as they would be meaningless.
Relative hardness is discussed, however. The use of a
hardening and a non-hardening fixer give gelatins of
different relative hardness.
Hydrogen peroxide can be diffused into the emulsion by
several methods. The most common methods are by immersing
the emulsion in a liquid or vapor of hydrogen peroxide of
differing concentrations. Weyde states that the hydrogen
peroxide concentration is difficult to regulate. Both of
the above methods of peroxide induction were tested.
Once the hydrogen peroxide has been introduced into the
emulsion it can be heated by several means. The emulsion
can be heated evenly by the use of an infrared lamp,
heated rollers or a hot plate, and by heated water vapor.
Ranz has found the water vapor method gives a slightly
higher gain in speed. He attributed this to the vapor
causing the gelatin to relax slightly and thus enabling
the bubbles to form freely . The emulsion can also be
heated differentially by means of a flash exposure of
light. Only those areas with sufficient silver density
will absorb the light to form heat to expand the oxygen,
The heat formed, and thus the amount of bubbles formed,
is proportional to the silver density. This causes an
increase in gamma without any increase in speed. Two
methods of heating were investigated. Heating by water
vapor, and heating by placing the film sample directly
in a hot water bath,
N. T. Notley has shown that the unique feature of
vesicular images is that its density and gamma can be
varied continuously as a function of the aperature size
5
of the optics when used in projection . This feature
greatly complicates the densitometry of the process of
combining vesicular images upon silver halide emulsions.
Semi specular density measurements were made on the
film samples. A Quantascan Recording Densitometer with
F8/5.6 optics was used.
The factors of hardness of the gelatin, hydrogen
peroxide concentration, temperature of heating, pH,
and peroxide inducting time were statistically analyzed
to determine if they were significant. Different methods
of diffusing the hydrogen peroxide and
different-
methods
of expanding the oxygen were tested to determine if they
are significantly different. Film speed and gamma were
the parameters for evaluating the superimposed vesicular
images .
Film samples for the project were produced by the.
following method. Kodak Fine Grain Release Positive Film
(5302) was exposed in a Kodak model 101 Process Control
Sensitometer. The illuminance at the film plane was
1700 meter candles. The exposure time was .2 seconds.
The illuminance at the film plane was attenuated by a
0"- 3.0 continuous density wedge. The film was developed
in Kodak D-72 developer. One part of stock developer was
diluted with two parts of water to form the working
strength solution. The developing time was four minutes
at twenty degrees centigrade. The film samples were
processed in a small tank with five second agitation ewery
thirty seconds. Kodak SB-5 stop bath was used, The time
of treatment in the stop bath was thirty seconds. The
film samples were divided into two groups. The first
group was fixed in Kodak F-5 fixer, the second group in
Kodak F-24 fixer. Both groups were treated for three
minutes at twenty degrees centigrade. Kodak F-5 is a
hardening fixer, whereas F-24 is a non-hardening fixer.
The two give gelatins of different hardness. The F-24
fixer yields a softer gelatin than does the F-5 fixer.
A factorial experiment was performed to determine the
general trends of the parameters. Five factors were
tested: pH, concentration of the peroxide, hardness of
the gelatin, temperature of the steam bath, and peroxide
induction time. Two levels of each factor were tested,
(Table I) summarizes the factors and the levels tested.
Testing the effect of hardening and non-hardening fixer
was used to indirectly determine the effect of gelatin
hardness. The pH was varied in the steam bath by adding
enough ammonia hydroxide to the boiling water to make it
one percent in ammonia hydroxide. The'pH of this solution
was approximately 12.0. Only half of the treatment
combinations were performed in accordance with the half
replicate method of experimentation (Table II). The
treatments were performed in a completely randomized
order. Gamma and speed point were measured. Analysis
of Variance (ANOVA) was used in the data analysis to
determine which factors and interactions were significant
for the parameters gamma and speed. The factors and
interactions were tested at both the 0.05 and 0.01
significance levels. The least significant interactions
were pooled together as an estimate of error.
The method for determining the speed of a silver halide
emulsion with a superimposed vesicular image is as
follows: the speed point is the log relative exposure
that corresponds to a density of .1 above base plus fog.
The speed point is then multiplied by one hundred, giving
the speed for the film sample in question. A difference
of thirty is equivalent to one stop. A larger speed
number indicates a slower process.
Gamma is defined in the usual way. It is the slope of
the straight line portion of the characteristic curve.
TABLE I




A Concentration H202 10% 30%
B Heat 60C 90C
C Fixer F-24 F-5
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Order of Treatment H?0? Heat Fixer




15 (1) 10 60 F-24 5 7
16 ae , 30 60 F-24 5 12
14 be . 10 90 F-24 5 12
13 ab 30 90 F-24 5 7
9 ce 10 60 F-5 5 12
4 ac 30 60 F-5 5 7
11 be 10 90 F-5 5 7
10 abce 30 90 F-5 5 12
3 de 10 60 F-24 15 12
5 ad 30 60 F-24 15 7
8 bd 10 90 F-24 15 7
7 abde 30 90 F-24 15 12
2 cd 10 60 F-5 15 7
12 acde 30 60 F-5 15 12
1 bede 10 90 F-5 15 12
6 abed 30 \.90 F-5 15 7
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RESULTS AND DISCUSSIONS
Edith Weyde's paper to the Congress on Reprography in 1971 ,
8
and the subsequent paper on vesicular imagery by E. Ranz ,
gave very little data on a process for forming superimposed
vesicular images. E. Weyde, prior to the publication of
her 1971 paper, was investigating the destruction of
q
photographic images by oxidizing gases . The research
began by placing a developed and processed film sample in
the presence of hydrogen peroxide vapors. This method of
inducing the HpOp into the film sample being in line with
Miss Weyde's previous research. Variations of temperature,
concentration, and solution pH were made. Results with the
peroxide as a vapor were very poor. Significant speed loss
and reduction of gamma were common. Induction of the
hydrogen peroxide in the vapor state did not produce a
vesicular image with any regularity. Vesicular images that
were formed were formed with extreme unevenness. The film
samples generally showed a decrease in density. The vapor
method of peroxide induction acted more as a reducer than
as an intensifies The concentration of the peroxide was
not high enough in the vapor state to create any super
imposed vesicular images.
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The peroxide was then induced by bathing the film sample
in low concentrations (5-10%) of H202. This process
requires a separate heating step to expand the oxygen
bubbles. The previous process incorporated induction and
heating. Heating was accomplished by placing the strip
in a hot water bath, and in steam. Heating the film
samples by other methods, such as by contact with a hot
metal object, and flash, were not tried due to time
limitations. The possibility of uneven heating due to
uneven contact with a hot metal surface was another
deterring factor. Various changes were made in temperature,
pH, and induction time, all with negative results. Heating
the strips in a water bath was found to destroy any
vesicular image created. The hot water allows the gelatin
flexibility to expel any bubbles formed. Steam heating of
the film sample did produce superimposed vesicular images.
These images, however, were \/ery uneven. Uneven image
formation remained a problem. Increasing the concentration
of the peroxide to 30% helped create a more even image,
however, the images were still not acceptable. The reaction
of the peroxide with the silver would continue through the
heating step, producing streaks on the sample. The excess
peroxide was then squeezed off the film before the heating
step. This solved the uneven image problem. Film samples
were produced with even vesicular images.
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Two processes produced repeatable vesicular images. The
process briefly described above, which consists of placing
a normally processed silver halide film sample in a
solution of thirty percent hydrogen peroxide for approxi
mately five seconds. Remove the strip from this solution
and squeeze to remove any remaining droplets of peroxide.
Failure to perform the squeeze step will result in uneven
image formation. The strip is then placed over a steam
bath to expand the trapped oxygen gas bubbles. The
procedure described above was found to constantly produce
an even vesicular image. The second process is a monobath.
The film sample is placed in a heated solution of thirty
percent hydrogen peroxide at pH eleven. The temperature
of the solution is fifty-five degrees centigrade. After
treatment in the above solution for ten seconds, remove
and squeeze. This process is dependent on pH and the
concentration of the peroxide. Slight changes in either
produce great changes in the images. The first process
is not dependent on pH, and is much more repeatable.
The first process was the one used for experimentation.
Analysis of the factorial experiment for speed indicates
that the most significant factor affecting speed was the
concentration of hydrogen peroxide. The only other
significant factor affecting speed was the time the film
14
sample was immersed in the peroxide. Only one interaction
was significant; heating and pH. As the concentration of
the hydrogen peroxide increases from ten to thirty percent,
the average effect for the speed number increased by eleven
and one-half. This means that there was a loss in speed of
one-third stop when using the higher concentration of
peroxide. Overall, there was a one-half stop loss in speed
for the film samples treated by the process, when compared
to a non-treated film sample. Increasing the immersion
time from five to fifteen seconds has an average effect of
minus eight. This indicates that as the time of immersion
increases from five to fifteen seconds, the loss of speed
is not as great. The interaction, heating and pH was
confounded with the interaction, concentration of peroxide,
time and fixer. The later interaction may be the one which
applies in this experiment. Therefore, as concentration
of peroxide, time and hardness of gelatin increased to the
high level, the overall loss of speed is not as great.
Analysis of the second factorial experiment indicates all
factors affect the gamma of the film samples, except for
heating. Hydrogen peroxide concentration has the greatest
effect on gamma. Increasing the peroxide concentration
from ten to thirty percent increases the gamma on the
average of five and four-tenth units. There were no
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significant differences due to heating the film sample at
sixty degrees or ninety degrees centigrade. The factors
-
fixer, time and pH indicate that gamma decreases as the
factors increase from the low level to the high level.
Under no circumstances, however, did any treatment
combination give a gamma that was less than the gamma of
the film sample before treatment. The most significant
interaction was the peroxide fixer interaction. Its
average effect
was'
to decrease the gamma by three or four
when increasing from the low to the high level. The other
significant interactions; peroxide - time, and peroxide -
pH also show a decrease in gamma as the levels are changed
from low to high. The two remaining significant inter
actions; fixer - time and peroxide - fixer - pH indicate
an increase in gamma when going from the low to high level.
Most treatment combinations have a one-half stop loss in
speed as indicated by the processed film sample (Graph I).
It appears that silver metal has been oxidized by the
hydrogen peroxide. Oxidation occurs at all density levels,
yet there has been an increase in gamma. The peroxide
simultaneously oxidizes the silver and produces the
vesicular images. These two reactions have opposite effects
on the density. The trade-off between the two reactions
results in a reduction of density at low density levels,
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and an intensification at high density levels. There
appears to be a minimum amount of density required before
intensification is possible. The silver metal "concentration
controls the rate of evolution of the oxygen gas. If the
evolution of the gas is not great enough, there can be no
significant vesicular image formation.
For the treatment combinations that result in high gammas,
there is a break in the characteristic curve (Graph I).
This is not the result of uneven processing. The gelatin,
theoretically, could reach a point of oxygen saturation.
That bend in the Vesicular Curve is the point where the
saturation occurs. The increase in density of the vesicular
curve from this point on is due to the density of the
original silver metal. Comparing the gamma of the Vesicular
Curve, after it passes the saturation point, and the
standard curve, we see they are approximately equal.
TABLE IV




Response (D (2) (3) (4) Effect Alias
(1) 50 108 228 422 780 Total -ABCDE
a(e) 58 120 194 358 92 A -BCDE
b(e) 62 84 184 54 32 B -ACDE
ab 58 110 174 38 40 AB -CDE
c(e) 32 100 4 38 -44 C -ABDE
ac 52 84 50 -6 36 AC -BDE
be 40 82 24 -2 40 BC -ADE
abc(e) 70 92 14 42 16 ABC -DE
d(e) 50 8 12 -34 -64 D -ABCE
ad 50 -4 26 -10 -16 AD -BCE
bd 30 20 -16 40 -44 BD -ACE
abd(e) 54 30 10 -10 44 ABD -CE
cd 42 0 -12 14 24 CD -ABE
acd(e) 40 24 10 26 -56 ACD -BE
bcd(e) 38 -2 24 22 12 BCD -AE
















A 92 11.50 529 1 529
27.48*
B 32 4.00 64 1 64 3.32
C -44 -5.50 121 1 121 6.29
D -64 -8.00 256 256 13.30*
E 28 3.50 49 1 49 2.55
AB 40 5.00 100 1 100 5.19




- \c - 1 .DU
j.
9 G
BC 40 5.00 100 1 100 5.19
BD -44 -5.50 121 1 121 6.29








"1 ,4,. 05 = 7.71
"""Interactions pooled for residual
*Significance for = 0.05
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TABLE VI







Treatment Response (1) (2) (3) (4) Effect Alias
Combination
15.1 34.0 50.9 84.5
18.9 16.9 33.6 42.9.
11.3 19.4 29.1 0.3
5.6 14.2 13.8 1.1
10.7 24.2 -1 .9 -22.3
8.7 4.9 2.2 -24.3
5.0 9.444444444444444444444ADE
9.2 4.444444444444444444444DE




5.5 3.6 -9.5 11.9 CD -ABE
3.9 -4.9 6.2 14.3 ACD -BE
2.0 -1.6 -8.5 15.7 BCD -AE


























SS MS F Ratio
A 42.9 5.36 115.03 /1 115.03
179.73**
B 0.3 0.04 0.01 0.01 .02
C -22.3 -2.79 31.08 1 31.08 48.56**
D -17.3 -2.16 18.71 1 18.71 . 29.23**










-7 r -7 J. J.
d7 .
o/-"
AD -15.3 -1.91 14.63
'
1 14.63 22.86**











BE -14.3 -1.79 12.78 1 12.78
19.97**











rl ,5, .05 = 6.61
Fl,5,.01 =16.25




















































As described in the previous section, a high concentration
of peroxide is necessary to form superimposed vesicular
images. Low concentrations simply do not form sufficient
oxygen bubbles to creat an image.
The peroxide must be put into the gelatin as a liquid.
In the vapor state either not enough peroxide gets through
the gelatin, or the concentration is too low to cause any
reaction, and hence form any image.
The five second induction time gave higher speeds and
higher gammas. The gelatin can only hold so much oxygen
gas before the gas bubbles out. The point where saturation
occurs, in the density range of interest, is the optimum
point to stop the induction. Further bathing in the
peroxide only destroys silver metal. This destruction of
density causes loss of speed and gamma. The longer
induction times also allow the gelatin to soften, reducing
the gelatins oxygen holding capacity.
The temperature to which the film was heated made no
difference to the final outcome of the image. There
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need be only enough heat to expand the bubbles, more
heat neither helps nor hurts.
The softer gelatin formed more uniform vesicular images.
Harder gelatin tended to form pin holes. For more uniform
vesicular images do not harden the gelatin. The unhardened
gelatin also tended to form higher gammas, due to the ease
of bubble formation.
The pH of the heating vapor tended to have a negative
effect on gamma. As the pH was raised, the gammas
decreased. A higher pH causes the reaction of the silver
metal and the peroxide to increase. The oxygen may be
escaping during the heating step. To form an image of
high gamma, do not raise the pH. pH was not a
significant factor effecting speed.
Through the experimentation no speed increase was seen.
It was thought that there was a certain minimum amount
of silver metal necessary before vesicular images could
be formed. This makes a certain amount of sense.
There will come a point where the concentration of the
silver is not sufficient to form the vesicular images.
What is this minimum concentration? It is well known
that fixer reduces silver metal. More metalic silver
would have been present in the final image had it not
25
been fixed. Perhaps prefixation vesicular imagery would
yield increases in speed.
Physical developers promote small, compact areas of silver
metal formation. Chemical developers, however, produce
filamenting silver metal. In production of film samples
for this project, D-72 was used. The developer promotes
some physical development. If a developer that promoted
chemical development had been used, more surface area
would have been available to react with the peroxide,
hence more bubbles would have been found. This may be
a way to increase speed.
Two interesting phenomenon came as a result of this
process; the first being that placing a strip having
superimposed vesicular images in a hot water bath gives
the gelatin the flexibility to return to its normal state.
The bubbles disappear. The film sample then shows a
reduction of speed and gamma (Graph II).
The second interesting phenomenon is the "hump", seen
on a curve (Graph II). This may be the speed increase
reported by E. Weyde. Conditions may not have been right
for the production of a complete curve. Many replicates
of the phenomenon were seen toward the end of the research
26
Unfortunately, more time could not be spent in the
investigation of this.
As mentioned earlier, the literature was very sketchy
on the methods of vesicular image formation. A great
deal of time and effort was spent to obtain a workable
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II Sensitometer - Kodak Model 101
Serial No. 907
III pH Meter - Corning Research pH Meter, Model 12
serial no .
r- \ uouo
IV Densitometer - Quanta Scan Recording Densitometer
